basin and/or is still not considered as a well-established species (Riera et al. 1993 , Gavagnin et al. 1994 , Serena and Silvestri 1996 , Kapiris et al. 2008 , Pastor et al. 2008 ). According to Bodilis et al. (2013) this pattern of distribution may be due to a recent warming of the western Mediterranean waters or to a greater influx of waters from the Atlantic through the Straits of Gibraltar.
Although the bastard grunt has a wide geographic distribution in the Mediterranean, few biological data are available. Among the topics investigated were: parasite fauna (Euzet and Ktari 1970) , reproduction and length-weight relations (Chakroun-Marzouk and Ktari 1995 , 2006 , Kapiris et al. 2008 , reproduction and feeding habits (Fehri-Bedoui and Gharbi 2008) , fish condition, and reproductive biology (Villegas-Hernández et al. 2015) . Only two studies deal with life history and growth of Pomadasys incisus in the Canary Islands (Pajuelo et al. 2003a (Pajuelo et al. , 2003b , but the growth of this species is unknown in the Mediterranean Sea. Therefore, the presently reported study represents the first attempt to determine the age and growth of the bastard grunt in the southern Mediterranean. The study has been conducted to provide growth parameters characteristics and to define the bastard grunt life span, condition factor, and length and age at first sexual maturity in order to contribute to a better management of its fishery in Tunisia.
MATERIAL AND METHODS Fish sampling.
A total of 515 specimens of Pomadasys incisus were obtained from the landings of the small-scale artisanal fisheries of the Gulf of Tunis. The specimens were randomly collected, on a monthly basis, from October 2008 to September 2010. Each individual was measured to the nearest 1 mm for total length (TL), weighed to the nearest 1 g for total weight (W), and sexed throughout a macroscopical examination of the gonads. Length-weight model. The fish length-weight relation is described by the power function W = a × TL b where W is the total weight [g] and TL the total length [cm] . The regression coefficients-the intercept (a) and the slope (b), were calculated for the whole sample and separately for each sex. The comparison of the log-transformed curves between males and females was carried out using a covariance analysis (ANCOVA). Otolith preparation. For each specimen, sagittal otoliths were removed, cleaned, and stored dry in numbered paper envelopes. The whole otoliths were immersed in a blackbottom watch glass containing water in order to increase contrast between rings. They were viewed under reflected light with a binocular microscope coupled to a high-resolution camera, itself connected to a central processing unit (TNPC software * ). Distances from otolith core to rostrum (R o ) and to each translucent zone (R n ) were measured to the nearest 0.01 mm (Fig. 1) . Counts of the annual growth increments were made by two readers, without reference to fish length and sex to avoid subjectivity effect on age estimations. To minimize observation errors, only coincident readings were accepted. Validation and estimation of age. To validate seasonality and to determine the formative period of the translucent zone, the marginal increment ratio analysis was used (Jearld 1983) . Thus the monthly estimates of the MIR were carried out on the entire otolith sample and followed over time. Marginal increment ratio (MIR) was then calculated by the following formula: MIR = (R o -R n ) × (R n -R n -1 ) -1 where R o , R n , and R n -1 are respectively the radius, the radius of the last-, and the next-to-last growth rings [mm] .
The Kruskal-Wallis test was used to test the homogeneity of MIR among months followed by a Student-Newman-Keuls test (SNK) after null hypothesis rejection. Correlation between MIR and temperature was tested using the Spearman's rank correlation coefficient (r s ). The mean seawater temperature data were supplied by the National Institute of Meteorology of Tunisia * .
Once the timing of ring formation was validated by the marginal increment ratio analysis and after the annual periodicity was confirmed, each fish was assigned to an age class beginning with the date of capture, the period of the translucent zone formation, and considering 1 July as the start of age class 0, since the peak of spawning of P. incisus occurs at that period (Chakroun-Marzouk and Ktari 2006).
The Index of average percentage error (IAPE) was calculated to evaluate the precision of the age determinations between the two readers (Beamish and Fournier 1981) . Campana (2001) indicates that an IAPE of 5% or below is acceptable. Growth model. The relation between the radius of the otolith (R o ) and the length of fish (TL) was estimated as a linear function between log (TL) and log (R o ). The age growth was described by the von Bertalanffy model. The von Bertalanffy growth function (VBGF) was fitted to an R o = otolith radius, R n = distance from the nucleus to the last growth increment estimated length-at-age data set using the FISHPARM program of the FSAS statistical package (Saila et al. 1988) , applying the Marquardt's algorithm for nonlinear least squares parameter estimation. The growth performance index Φ' of Munro and Pauly (1983) was calculated by the equation Φ' = 2 log TL ∞ + log k where TL ∞ is asymptotic total length at which growth is zero and k is the growth rate, with the objective to compare growth rates of P. incisus from different fishing areas. Maturity and condition. The length at first maturity (TL 50 , length at which 50% of the fish are mature) was estimated as the proportion of mature fish (PMF) in each fish class and was determined from the logistic function (Saila et al. 1988) : PMF = 1 × (1 + e -b × (TL -TL50) ) -1 where PMF is the proportion of mature fish for the length TL, b is the slope of the maturity curve, and TL 50 is the size at which 50% of fish are mature. The function was fitted to the data, applying the Marquardt's algorithm for non-linear least square regression. Multivariate analysis (Hotelling's test) was used to compare the logistic model parameter estimates for males and females.
Fulton condition factor K (Fulton 1904 ) was calculated monthly and for each age group, using the equation: K = 100W × TL -b where W is the total weight, TL is the total length, and b is the regression parameter (the slope) of the length-weight relation. Statistical analysis and comparison. All statistical analyses were performed with STATISTICA ® software and the program FISHPARM ® of the statistical package FSAS (Saila et al. 1988) . The data are presented as the mean ± standard error of the mean (SE). For sex ratio deviations from 1 : 1 null hypothesis were statistically tested by the chi squared analyses. In all statistical tests, rejection of the null hypothesis was based on α = 0.05.
RESULTS

Sample characteristics and length-weight relation.
The sex ratio of males (156) and females (338) was 1 : 2.17 and differed significantly from 1 : 1 (χ² = 67.05; n = 494, P < 0.05). Total length and weight frequency distributions of both sexes and unsexed fish were pooled and summarized in Fig. 2a and 2b . Males ranged in size from 14.0 to 21.4 cm TL and females from 14.1 to 23.2 cm TL. The mean TL of males (TL = 17.4 ± 0.1 cm) was significantly different (Mann-Whitney U test; n = 494; P = 2.10 -6 ) from that of females (TL = 18.2 ± 0.1 cm). Individuals of undetermined sex were 13.8 and 17.6 cm long (TL). The total weight of fish was between 34.0 and 146.0 g (W = 70.2 ± 1.4 g) for males and between 33.0 and 177.0 g (W = 79.8 ± 1.4 g) for females. It was significantly different between the two sexes (Mann-Whitney U test; n = 494; P = 11.10 -5 ). Total weight of unsexed fish varied between 34.0 and 59.0 g.
Length-weight regression parameters estimated for males, females, and the whole sample are presented in Table 1 . For males, females, and when all individuals were pooled together, a positive allometry was observed. There were no statistically significant differences in the slopes between males and females (ANCOVA, n = 494, P > 0.05). However, the intercepts were significantly different (ANCOVA, n = 494, P < 0.05). Age validation and periodicity of the annulus formation. The lowest values of the monthly mean marginal increments (MI) were registered from January to March Table 1 Parameters of the length-weight relation of bastard grunt, Pomadasys incisus, determined in the presently reported study and reported by other authors from different study areas n = sample size; length-weight relation parameters: a = intercept, b = slope, SE of b = standard error of the slope b, r² = coefficient of determination, M = male, F = female. (Fig. 3) . Afterwards, the marginal increments increased throughout the spring and summer months and started to decline again in October. Therefore, only one annulus was formed each year, annulus deposition occurred during the late winter and early spring. Significant correlation was found between mean MI values and sea surface temperature (r s = 0.94, n = 12, P < 0.05). Age accuracy and precision. Among the total otoliths examined, 474 (92.0%) were easily used for age estimation, 4 were broken and 37 provided different age estimations across readings and were then excluded from the analysis; for the latter otoliths, age readings never disagreed more than one year. The index of average percent error (IAPE) value was low 1.3% indicating a good reproducibility between readers and readings.
Otolith size and fish size relation. The relation between fish length (TL) and otolith radius (R o ) fitted to a linear model. The two variables were correlated (r = 0.864, P < 0.01). The value of the slope b was not significantly different from 1 (Student's t-test, P > 0.05); thus, an isometric relation was recorded. Age and growth. The results of otolith reading are provided in Tables 2 and 3 . Age of males and females ranged respectively between 1 and 7 years (3.09 ± 0.11) and between 1 and 8 years (3.47 ± 0.09). Regardless of the age group, the females were always significantly more numerous than the males (all χ 2 , P < 0.05). Very few fish older than 5 years were captured over the entire sampling period. Indeed, approximately 67% of aged specimens were among 2 and 4 years, with a modal age of 2 years. Individuals grew faster during the first year of life, attaining approximately 65% of their maximum length. The von Bertalanffy growth function was fitted to age and length data for all the samples (Fig. 4) . The estimated growth parameters were: TL ∞ = 23.9 ± 1.28 cm, k = 0.186 ± 0.12 year -1 and t 0 = -4.62 ± 0.12 year. The growth in weight described by a von Bertalanffy function was: W = 193.7 × (1 -e -0.186 × (t + 4.62) ) 3.335 . Condition factor. Differences between mean condition factor of males and females were not significant (Mann-Whitney U test, P > 0.05) that is why the coefficient was calculated for the whole population (Table 2) . Additionally, seasonal variations of the condition factor were given (Fig. 5) . In general, monthly variations showed a peak during the summer. Differences between values of K according to months, especially in May-August, were statistically significant (Kruskal-Wallis test, P < 0.05, SNK, P < 0.05). Length and age at first maturity. Length at first maturity was significantly similar (Hotelling's T² test, P > 0.05) for males (TL 50 = 16.6 cm) and females (TL 50 = 16.8 cm). For pooled sexes, TL 50 was 16.6 cm. This size corresponds to an age of about 2 years.
DISCUSSION
The oldest age estimate obtained in this study was 8 years and the stacking phenomenon of growth rings towards the otolith margin was not evident. Therefore, owing to the translucency of the otolith, its observation provided an easy age estimation without having to prepare thin section. Pomadasys incisus shows the common ring pattern of temperate teleost fishes with concentric growth marks composed of an opaque and a hyaline zone, corresponding to rapid and slow growth, respectively. The opaque zone of the first annulus was larger than the translucent one. After the second ring, the two components of the annulus had the same width, although their width slowly decreased towards the otolith margin. The value of the IAPE suggests that the ageing precision levels obtained are in agreement with the reference point values indicated by Campana (2001) .
The evidence of the annual basis of ring formation is an obvious component of any age and growth study using calcareous structures (Campana 2001) . Marginal increment analysis demonstrates that one annulus is laid down annually. Pajuelo et al. (2003a Pajuelo et al. ( , 2003b ) studied age of Pomadasys incisus in Canary Islands and reported a similar periodicity. In the Gulf of Tunis, dark slow translucent growth zone (organic-rich component) is deposited in winter while clear fast opaque zone (calcium-rich component) is deposited in summer. The formation of alternating translucent and opaque zones in the otoliths is controlled by a combination of endogenous and environmental fac- tors (Beckman and Wilson 1995) which vary at different ages and between sexes. The physiological changes are produced mainly by the influence of temperature, photoperiodism, reproductive cycle, and food availability (Pannella 1980) . In the Gulf of Tunis, the fast growth in the otoliths of P. incisus, occurs in summer (August) when the sea temperature reaches its highest values (29.0), and the slow growth-in winter (February) when the sea water reaches its lowest values (12.7°C). This significant rise in water temperature could involve changes in the metabolic activity of the individuals during spring and summer and could be the main factor responsible for opaque zone deposition. Similar findings have been reported for Pomadasys species, including P. incisus in Canary Islands (Pajuelo et al. 2003b) and Pomadasys kaakan (Cuvier, 1830) in Kuwaiti waters (Al-Husaini et al. 2001) . The significant correlation found between TL and otolith radius (R o ) indicates that this structure is useful for estimating age and for reconstructing past growth history of fishes (Francis 1990) . Results indicate that otoliths of bastard grunt have an isometric growth.
Otolith growth and age estimation of Pomadasys incisus 61 The estimated value of the theoretical maximum length obtained in this study (23.9 cm) is slightly higher than the size of the largest fish sampled (23.2 cm TL). Pomadasys incisus increased rapidly in length until attaining sexual maturity at the age of about 2 years. This change in the growth rate, after sexual maturity, may be attributed to the use of available energy for reproduction instead of somatic growth (Pajuelo et al. 2003a ). The decrease in growth rate was observed in the otoliths as a decrease in the width of the alternating annuli. The growth coefficient value indicates a relatively fast reach of maximal size, which is rather characteristic of a moderately short life cycle species.
The comparison of Pomadasys incisus growth parameters from different areas shows substantial discrepancies (Table 4 ). These differences can be attributed to differences in the environmental conditions of the different areas or to a bias introduced by methodological approaches (ageing and statistical analyses procedures, length composition of the sample). Pomadasys incisus of the Gulf of Tunis has the lowest TL ∞ and growth coefficient (k). In the two studies of Pajuelo et al. (2003a Pajuelo et al. ( , 2003b , estimates of growth parameters were similar because the samples were similar in size range and in number of individuals treated; although, they used the mean back-calculated length at age relation for the first study and the mean length at age for the second one. Thus, the significant differences found in growth rate and TL ∞ values may be, partly, due to differences in the size range of sampled fish; alternatively, they may indicate the existence of different populations of the same species. Maximum total length recorded in Canary Islands (TL = 30.4 cm) (Pajuelo et al. 2003a (Pajuelo et al. , 2003b was clearly higher than that of the biggest individual captured in our coasts (23.2 cm TL). The growth performance index (Φ') values indicate also a higher growth in Canary Islands (Pajuelo et al. 2003a (Pajuelo et al. , 2003b .
The slope ( (b < 3) in the same area. Furthermore, for the same size, males are heavier than females. As seen in Table 1 , our b values were found to be close to estimates in the Aegean Sea (Kapiris et al. 2008) and in the gulf of Cadiz (Torres et al. 2012 ) but different from those found along the Turkish coasts (Can et al. 2002 , Sangun et al. 2007 , in the Badagry Creek (Agboola and Anetekhai 2008) , and along the Spanish coasts (Mata et al. 2008) . The length-weight relation is a practical index of the condition of fish and its parameter b may vary over the year according to several exogenous and endogenous factors such as food availability, feeding rate, health, sex, gonad development, spawning period, and the preservation techniques (Bagenal and Tesch 1978) . Subsequently, if these length-weight relations were obtained throughout a complete annual cycle, as in the presently reported study, the calculated parameters would be, then, more appropriate. The variations of the condition factor in relation with age showed that both sexes had the same condition since no significant differences were recorded. Our findings in the mean monthly condition factor for males (1.17 < K < 1.36) and females (1.17 < K < 1.41) are similar to those estimated by Chakroun-Marzouk and Ktari (2006) (males: 1.11 < K < 1.29; females 1.13 < K < 1.32) in the Gulf of Tunis. However, the condition of the sample studied by FehriBedoui and Gharbi (2008) , in the same area, was higher (males: 1.67 < K < 2.21; females 1.16 < K < 1.60). Lowest values of the condition coefficient were recorded in winter, during the slow growth season. The fitness of bastard grunt does not seem to be affected by the reproduction period occurring in summer. Assuming that Pomadasys incisus is a thermophilic species (Kapiris et al. 2008) , it has the highest condition when temperature increases.
The lengths at first sexual maturity (TL 50 ) estimated in this work (16.6 cm for males and 16.8 cm for females) were close to those given by Chakroun-Marzouk and Ktari (2006) (16.0 cm for males and 16.2 cm for females) in the Gulf of Tunis, but were higher than sizes recorded by Fehri-Bedoui and Gharbi (2008) (15.1 cm for males and 15.6 cm for females). Considering pooled sexes, TL 50 (16.6 cm) was higher than that reported for colder water population inhabiting the north-western Mediterranean (14.9 cm) (Villegas-Hernández et al. 2015) , but lower than the one in Canary Islands (18.3 cm) (Pajuelo et al. 2003b ).
In the Gulf of Tunis, the age at maturity, for both sexes, is about 2 years and Pajuelo et al. (2003b) found that Pomadasys incisus attains sexual maturity at a similar age in Canary Islands. Indeed, variations in length at first maturity are closely related to total population abundance with maturation at a smaller size when population size is low (Morgan and Colbourne 1999) . Temperature is assumed to affect only body size growth, so the temperature effects on maturation are indirect via life history optimization (Charnov and Gillooly 2004) .
The bastard grunt was able to expand its range of distribution through various biological mechanisms, such early maturity, rapid growth during the first year of life, moderately short life span, ecological plasticity, and a high tolerance for unfavourable environmental conditions. Therefore, as reported by Villegas-Hernández et al. (2015) , the plasticity of the life-history traits of Pomadasys incisus may allow this thermophilic species to respond to environmental pressures from the new habitats and might play an important role in the northward spread and successful establishment within the Mediterranean Sea.
The bastard grunt is now a well-established species along the Tunisian coast, regularly fished in coastal areas. The length at first maturity in Tunisia suggests that to sustain bastard grunt fisheries a minimal legal size of 16 cm has to be proposed. However, determining other parameters, like total and natural mortality, will lead to a better understanding of the long-term changes of the stock size in Tunisia.
